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Abstract 
Based on the simulation study of air-ground dual heat source heat pump system in the actual project of an office building in 
Shenyang, this paper compares and analyzes the operating efficiency of dual heat source heat pump system and single heat 
source heat pump system in summer and winter. The target project adopts air-ground source heat pump coupling operation for 
heating in winter, ground-source heat pump operation for cooling in summer. Using software TRNSYS, two heat pump systems 
simulation models are established respectively. Through simulating the hourly changes of the heat pump COP, analyzing the 
results of system operation, the feasibility of the system is discussed. Based on the series of work, a conclusion can be drawn, 
that is, in terms of operating efficiency, the COP of the two systems both satisfy the normal operating demand, but the dual one is 
more stable and has a higher COP. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
As conventional energy resources become increasingly scarce, countries all over the world are actively 
developing renewable energy so as to reduce energy and environment problems. Heat pump technology, as a focus 
of each country on new energy technology, can obtain low-grade heat from naturally produced air, water and soil, 
and further provides people with high-grade heat through electrical transmission [1,2]. Compared with a single heat 
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pump, a dual heat one is much more stable and environmentally friendly. So far, researches on dual-heat pump 
systems both at home and abroad mainly focus on the following aspects: solar-ground source hybrid heat pump, 
solar-air hybrid heat pump, air-ground source heat pump, as well as sewage-underground water hybrid heat pump. 
This research aims at improving the existing ground source heat pump, establishing air-ground source heat one, thus 
laying a scientific basis for dual heat pump system through the comparison between the single heat  and the dual 
heat pump. 
 
Nomenclature 
Ap the cross-sectional area of this ground region    
B, B1  the duct spacing   
r1 the radial distance from the centre of a pipe   
  ax                coefficient given by the user                                           
Prated       the energy consumption value of pump under the rated conditions 
Tout             the fluid temperature of pump out 
Tin               the fluid temperature of pump inlet 
Q           heat gain of pump 
m           fluid flow through the pump 
2. Methods 
2.1. Dual-source heat pump system components and working principle 
This study takes one office building of Shenyang in China as the research target. A glass curtain wall is installed 
on the exterior walls of the building. In the inter-layer photovoltaic panels are fitted so as to heat air as heat source 
which is coupled with source heat pump to run for building heating in winter. In summer, only ground source heat 
pump is applied for building cooling. Based on these, an air-soil dual heat pump system is established then studied 
[3]. 



Fig. 1. System schematic of dual-source heat pump. 
The fluid loop that the system relates to is shown as follows: 
Photovoltaic panels side: Dual-source heat pump unit links to the hot air of the inter-layer between the fan and 
solar photovoltaic panels through the duct, forming the hot air circulation loop. The temperature tester is placed on 
the top of the zones between the glass curtain wall and the facades. When the temperature of hot air reaches the 
specified temperature in cavity, the air source heat pump mode will be turned on or off and then control operation of 
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dual-source heat pump system. 
Buried side: Dual-source heat pump unit links to buried side circulating pump and ground heat exchanger by way 
of buried water pipes, forming the circulation loop in the ground heat side which takes ethylene glycol solution as 
the source side media of ground source heat pump. Meanwhile buried side constant pressure water systems connects 
to buried side return pipe, replenishing water and leveling pressure for the circulation loop. In summer buried pipe 
releases heat through fluid circulation to the soil thus serving the air conditioning of the building, while in winter it 
takes heat from the soil and supplies heat for the building after coupling with air source heat pump. 
2.2. Mathematical model 
Simulation study of this subject is mainly used TRNSYS. We use it first to establish the mathematical models of 
components, and then carry out the simulation study on the whole system [4]. 
(1). Ground heat exchanger 
Ground heat exchange is laid in double U-shape [5], the modules use type 557. On the whole it forms a model 
named Vertical Ground Heat Exchanger. Let’s set that ground heat exchanger is arranged evenly in the soil and 
there is no heat loss in the process of changing heat with soil. Heat convection transfer occurs between ground heat 
exchanger and heat source, and meanwhile heat conduction transfer occurs between ground heat exchanger and soil. 
If ground heat exchangers are arranged regularly in the area of thermal storage, then 
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(2). Heat Pump Unit 
The research chooses dual heat pump unit which is divided into two sections: the air source heat pump and 
ground source heat pump. In order to simplify the simulation, we adopt module type505a and module type665-3 to 
simulate these two parts respectively. The schematic of heat pump unit is shown in in Figure 2. 
 
 
 
Fig. 2. Schematic of Heat Pump Unit. 
Before simulation, it is necessary to set the basic parameters of the heat pump unit, including the number of units, 
the specific heat capacity of the transfer fluid, and other physical parameters such as the temperature of the inlet and 
outlet. The parameter of the buried pipe side fluid is set the same as the parameter of ethylene glycol solutions, and 
the parameter of user-side fluid is the parameter of water. On the basis of the basic properties and physical 
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parameters of the heat pump unit, it is also essential to provide external data for the module, which include 
parameters such as the cooling and heating performance of heat pump under the temperatures of different cycling 
sides, the circulation flow, the opening and closing time, etc. 
(3). PVT photovoltaic panels 
As for PVT photovoltaic panels, we choose Type94a. In this module, the slope of the I-V characteristic curve is 
positive in the short circuit current point, so it can effectively simulate the monocrystalline or polycrystalline solar 
panels. The module of photovoltaic panels also needs setting basic parameters. These parameters include the area of 
photovoltaic panels, the specific heat capacity of the thermal fluid, the absorption rate of the collector, the heat loss 
rate of the collector, the temperature coefficient of the solar energy storage heat production and some others. The 
parameter editing interface of PVT photovoltaic panels module is shown in Figure 3.  
 
 
Fig. 3 PVT photovoltaic panels module parameter editing interface. 
The pumps of user side, buried side and heat pump unit circulation are all variable-speed pumps. Power 
consumption can be calculated by hourly total. The parameters must be set from the fluid and circulation loop 
pumps: the energy efficiency of the pump and the maximum power coefficient of conversion factor; necessary fluid 
parameters to describe the physical properties of the fluid, such as the fluid density and specific heat. 
When the control signal is set to 0, the pump is turned off. When mass flow rate, the suction power and pump 
energy in the transmission fluid surrounding environment is set to 0, and pump off, the outlet temperature of the 
pump is set the same as the inlet temperature. When the pump is able to open (Control signal ¤> 0), the suction 
power can be got through formula 2.4, the fluid temperature of the discharge pump is calculated according to the 
formula 2.5: 
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3. Result 
After establishing the mathematical models of various components, we carry out the system simulation study 
relying on software TRNSYS. Based on careful comparing, we analyse the differences of operating efficiency 
between dual-source heat pump system and a single ground-source heat pump in summer and in winter [6] 
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3.1. Heat Pump Unit COP Simulation Analysis in Summer  
The period when heat pump system provides cold air in summer is from June 1st to August 31st. The total 
amount of cooling is 11155.33kW. When cooling for the buildings, among the dual heat pump, only the ground 
source one works. Neglecting the data of intermittent operation of heat pump unit, we can get the hourly changes of 
heat pump unit COP in summer as shown in Figure 4. Those changes of single heat source are shown in Figure 5 
 

Fig. 4. The dual heat pump unit COP hourly variation in summer. 

Fig. 5. The ground source heat pump COP hourly variation in summer. 
According to the above figures, the efficacy of dual heat pump unit goes steadily, and values of COP is 4̚5, 
which equals to that of the ordinary ground source heat pump. So it can be said that dual heat pump system can 
provide cooling for building through ground source efficiently and stably in summer. Instead, for the single heat one, 
values of COP are higher and are between 4 and 5 during the initial 3624-4344 hours in June, and values are 
between 3.4 and 4.5 during the last 5088-5832 hours in August. Values of COP fluctuate evidently in July, when 
cooling load of building reaches the peak and the ground source heat bump bears big load, thus the efficacy declines 
by 3.2.  
3.2. Heat Pump Unit COP Simulation Analysis in winter 
Heating in winter is from November 1st to March 31s.  The total amount of it is 14611.89kW. Coupling model 
adopts dual heat pump, namely, air source and ground source heat pump work alternatively through the control of 
temperature test devices. On the basis of modeling and simulation, values of COP for heat pump unit in winter is 
shown in Figure 6, and those for the two separate parts from November 1st to March 31st when deducing values 
during the intervals is shown in Figure 7. Hourly value changes of COP for single heat pump are shown in Figure 8.  
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
Fig. 6. The dual heat pump unit COP hourly variation in winter. 

Fig. 7. The dual heat pump unit COP hourly variation in winter. 

Fig. 8. The signal heat pump COP hourly variation in winter. 
As we can see in the aforementioned figures, COP values for dual heat pump unit range from 2.5 to 4, among 
which, values for air source one changes evidently, from 3 to 4, while those for ground source one is relatively 
stable, from 2.3 to 2.9; COP in June and August is not erratic while that in July fluctuates regularly. When heating in 
winter, single heat pump functions steadily in November and March, whose COP values range from 2.2 to 3.1. From 
the middle of December to the end of February, the heat load of buildings reaches a peak, and ground source heat 
pump also bears a big load, so the highest COP 4.0 and lowest values 2.1 appear. The functioning efficacy of single 
heat pump is worse, when compared with dual heat one in the corresponding period. 
4. Discussion 
The paper mainly compares and analyzes the operating efficiency of dual heat source heat pump system and 
single ground source heat pump system in summer and winter. In the field of dual heat pump, many parts need to be 
paying attention, for example, the costs and the energy consumption. And this paper focuses on the simulation 
software, and there is a certain difference between simulation and reality, needs further experimental verification. 
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5. Conclusion 
In conclusion, COP values of the dual heat pump keep steady in summer, fluctuating from 4 to 5, and those for 
air source heat pump are 3-4 and ground source heat one are 2.3-2.9, which is quite stable in the whole year. On the 
contrary, for the single heat pump, values are 3.2-5. In winter, the COP values are 2.1-4.0, showing the rather 
obvious fluctuation and low efficacy, when compared with dual heat pump in the corresponding period. It is clearly 
shown that dual heat pump functions better than single heat one, owing to its stability, reliability and high COP as 
well. 
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